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J-2S Restart Study

Objectives

* Determine what is required to initiate J-2S engine production

* Design changes

Manufacturing changes

Availability of supplier provided items
Schedule

Cost

« Examine feasibility of throttling J-2S

* Calculate system impacts of providing up to 10:1 throttling
* Tie calculations to previous test data

TA3-0381
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Agenda

J-2S Baseline

J-2S Study Approach
J-2S Background
Producibility Assessment
Throttling Assessment

J-2S Restart Program Plan

J-28 Restart Study
JV/Bv 3/4/93-21-a
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J-2S Baseline

J-2S Restart Study
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.q.o,w::u mxumzms,am
Production Configuration*

6 Engines, 273 Tests,
30,858 sec
*H&D configuration totalled 10,756 sec
G , 8Cot1c-12 ﬁm
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J-2S Restart Study

Baseline Study Configuration

* Use J-2S model specification

« 265 Klb vacuum thrust

* Propellant utilization control
* Three starts per mission

* Idle mode operation

 Recommend design and process improvements

* Producibility
* Environment
 Reliability/operability

TA3-0383
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J-2S Study Approach
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J-2S Restart Study
Approach

-

* Improvement evaluation groundrules defined

* Demonstrated cost/cycle time reduction
Rocketdyne experience

High technical maturity

Minimal qualification requirements

Retain full form/fit/function of original designs
Maintain original structural margins of J-2S engines
Address all outstanding J-2S development concerns

High value/low risk changes sought

TA3-0384
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J-2S Restart Study

Task Flow

Review J-2S
configuration,
documentation &
history

TA3-0385

Design Modificat

Producibility
Material substitution
* Obsolescence
* Environment
Reliability/operability
State-of-the-practice

High value,
Low risk

Hold for
future study

Review baseline

Assess
throttling

configuration

Y

Define program plan
and cost estimate
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J-2S Background

J-28 Restart Study
JV/Bv 3/4/93- 24
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J-2S Restart Study
J-2S History

* Engine/component development of J-2S 1965-1972
* Experimental engine base 1964-1968
* Extensive J-2S engine program conducted

* 6-flight configuration engines built and tested
* 265 tests (sea level & vacuum)

* >21,400 sec. mainstage
* >6,600 sec. low thrust (idle mode)

* Development completed -- ready for qualification

* Features beyond model spec requirements
designed (& partially demonstrated)

* Life extension to 12,000 sec/30 starts between overhauls
* Throttling operation

* Mainstage

* Powered idle mode

* Nozzle extensions (analysis only)
 Thrust uprating to 320 Klb (analysis only)

TA3-0386
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J-2S Endurance, Safety, and Performance Testing

Required | Demonstrated
Endurance Tests
Total tests 30 30
Total seconds 3750 3807.4
Total duration at high mixture ratio 1500 1503.9
Operating Limits and Performance Tests
Programmed mixture ratio; 470 sec. duration tests 3 3
Gimbaling pattern cycles 8 8
Mixture ratio control valve calibration point tests 5 5
Mainstage performance tests 4 7
Heat exchanger pressurization performance point tests 2 2
Hydrogen tapoff pressurization performance point tests 1 1
Safety limits tests 16 16
Start-restart test couples 2 2
Safety & leakage checks 1 1
Demonstration of restart capability tests 2 2
Start-stop tests As necessary 5
Altitude simulation test (Engine J-2073) 1 1

J-2S Restart Study
JV/Bv 3/4/93- 10
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J-2/J-2S Engine Application Investigations

« Numerous inquiries have been received & addressed for J-2/J-2S engines
« Specific programs
« Mission definition input
« Unique requirements
« Technical
« Schedule -- development & production
« Cost -- non-recurring & production

« Examples:

 J-2S for Space Shuttle Orbiter (71/72)

« J-2S for ALS (88)
« Generic/derivative engine data

« Undefined (i.e., broad class missions)

« Non-specific requirements
« Derivative engines/potential features
« Cost/schedule parametrics

« Examples

« J-2S for potential MMC application (89)
« Rocketdyne Engine Data Package (92)

J-2S Restart Study
JV/Bv 3/4/93- 11
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J-2S Restart Study

Producibility Assessment

* All major components examined
* Reviews of drawings
* Examination of internal documents
* Interviews with personnel who worked J-2S

* Three areas selected for review in greater depth
* Turbomachinery
* Thrust chamber tap-off port
* Engine valves

 Other major areas assessed at part level
« Combustion devices
* Ducts, lines, and interfaces
* Flight instrumentation
* Other components

TA3-0388
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J-2S Restart Study

J-2S Engine Components Evaluation

J-28
Engine Sys.
1 | 1 | 1 1
Combustion Turbopumps Ducts Valves Flight Misc.
Devices Instrumt. Components
System
TCA Mk-29 Fuel Fuel Inlet MFV Ign. Detector Pneum. Cont.
=1 99-210620 =] Turbopump = Duct 99-411320 1 Probe —1 Package
99-461500 409900 500750 1 99-558330
Injector Mk-29 Ox. Oxidizer Inlet MOV Instrument. Helium
m =1 Turbopump -1 Duct 99-411225 ~ Package = Tank
460430 409899 99-704641 |_NA5-260212
Tap-oft Fuel Disch. PU Valve Pressure Gimbal
m Pont = Duct 99-251455 =1 X-ducers m Bearing
99-411078 208900
Nozzle/ Ox Turb Oxidizer Fuel Bypass Temperature Interface
~1 Chamber Bypass Disch. Duct Valve =1 Sensors = Panels
307715 99-411077 99-411180
Manifolds, Cross-over Fuel Tap-oft Flowmeters Heat
-1 fuel & turb. Duct Bypass Valve 1 =1 Exchanger
exhaust 307714 99-411079 99-557824 307885
AS]| System Turbine Idle Mode Idle Mode Speed ECA
=] 651349 Exhaust Duct Valve =1 X-ducers =1 Package
652050 308040 411081 99-411385 99-503670
SPTS Hot Gas Misc. Tubes Anti-Flood Mainstage OK
=1 Cartridges Tap Off & Flex Hoses Valve —1 Press. Sw.
99-411080 99-407875
Relief Valve Check 309065
558325 Valves 557755
558022 557751
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J-2S Restart Study
In-Depth Producibility Reviews

* Turbomachinery history reviewed for more data
* MK-29 turbopump experience in J-2 linear engine
* Recent rebuild and modification of MK-29F under IR&D
* Applicability of NLS turbopump producibility effort

* Thrust chamber tap-off port reviewed for durability & producibility

* Documents indicated the test configuration was costly & time
consuming

- Component stood to benefit from improved thermal modeling
capability
* Incorporated modern producibility techniques

 Engine valves were examined for operational issues
* Consulted with J-2S valve development engineers
* Noted problems identified during test program
* Updated fabrication techniques

TA3-0390
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J-2S Restart Study

General Recommendations

* Implement state-of-the-practice fabrication methods

* Robotics and numerical control machining
Laser operations

Casting/forging improvements

Machine cells/multi-purpose tooling

Adopt precision end point tooling for ducts

* Update electronics (old parts no longer available)

TA3-0391
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TWO P1ECE CAST INJECTOR

CASTING NO. 2 SHELL & BOSSES

THESE WELDS OMI'TTED
IDLE MODE

OXIDIZER
INLET

—~—MAIN
OXIDLZER

C
r INLET
e

IDIE MODE &8 _ !
COMPARTMENT el

CASTING NO. 1 BODY C

BRAZE INSTEAD OF THREADS
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CAST TAPOFF MANIFOLD

— TAPOFF PORTS .
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_‘N. BYPASS

MATERIAL
CAST JBK
CAST JBK
FORGED NARLOY-Z
FORGED NARLOY-Z

922,375 [2] . \ MANIFOLD
A \_y ,
NN e TN (T T <&
+ Wk - NN ZE17n
/ SANNY |
@21,275 — —{3] //!
| TAPOFF
INJECTOR 12> I~ - 1 )~ PORT #18.610 NOZZLE TUBE
™~
I < COOIANT TEM
NQZZLE [1] TAPOFF MANIFOLD BODY
‘lm@vmuw_.m\pmz._. - / [2] TAPOFF RING ADAPTER
BE ST N [3] TAPOFF RING
V i %’ [41 TAPOFF PORT INSERT
F\.\)\.\

SECTION A-A
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CAST INTEGRAL JACKET WITH BYPASS MANIFOLD

FUEL BYPASS MANIFOLD:

PART OF J
CASTING

(L7777

Sl

7

JACKET STRUCTURK

THROAT RING

— INTEGRAL JACKET CASTING
(INCLUDING BYPASS MANIFOLD)
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ONE PIECE FULL JACKET TC EXIT

FULL LENGTH JACKET
(EXTENDED TO EXIT RING)

/ZC TUBES VISIBLE
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CAST TUBE TURN-AROUND

CASTING TRIPLET
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CAST FUEL INLET MANIFOLD

LONG TUBES MA\
\

BRAZE PLACEMENT

FUEL MANIFOLD

SHORT TUBES
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CAST TURBINE EXHAUST MANIFOLD

WELDED Sl

CAST TURBINE
EXHAUST MANI1FOLD

FUEL MANIFOLD
(REI)

SECTION A-A
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J-2S Restart Study
Solid Propellant Turbine Starter (SPTS)

Consists of two separate parts

 Solid propellant/burst diaphragm canister
* NASA standard initiator (NSI)

Solid propelilant canister
* Hercules Inc. owns formulation of RD-135 propellant
* Alternate grains require additional study
* Baseline configuration - build to print

Initiator
* NSI baselined
* Study should be performed for more modern initiator
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SOLID PROPELLANT
TURBINE STARTER

IGNITER

INITIATOR (2)
PELLETS

PROPELLANT

DETECTOR
LINK (2)

RETAINER BASKET

FORWARD
PLATE

DIAPHRAGM
AFT PLATE

AFT HEAD
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FUEL TURBOPUMP (MK29-F P/N461500)

« Materials
* Impeller - from Forged Ti-5AIl-2.5Sn ELI to Cast Ti-6Al-4V EL|

- Problems Noted During Test
* Inducer Suction Performance & Blade Fatigue
 Corrected with Redesign, Validated with Tests
* Pump End Ball Bearing Unloading
» "Cocking" Ball Bearing Carrier & Anti-Rotation Key

* Loss of Bearing Preload
* Loss of Bearing Support Pilot

- Potential Producibility Improvements
» Cast Impeller - was Three Piece Machined From Forgings

- Proposed Restart Configuration
* Same As Current Drawing (P/N461500) except;
* Replace Machined Impeller with Casting, P/N 7R045511-7
* Stiffer Pump End Bearing Support
* Stable Ball Bearing Carrrier, Preload & Anti-Rotation System
* Minor Change to Dynamic Seals
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OXIDIZER TURBOPUMP (MK29-O P/N460430)

Materials
« No Changes Required

Problems Noted During Test
* No Significant Issues were Incurred

Potential Producibility Improvements
* None |ldentified

Proposed Restart Configuration

* Use successful basic Mk-290 configuration
* Minor Changes to Dynamic Seals - Vendors no longer in business
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MK-29 OXIDIZER TURBOPUMP

460430

PREQEDING PAGE BLANK NOT FILMED
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FUEL INLET DUCT

SPHERICAL BEARING ‘/

NO MATERIALS PROBLEMS

A LARGE NUMBER OF PRECISION PIECES
DESIGNED FOR A MATCHED SPRING RATE WITH THE OXIDIZER INLET DUCT
ASSEMBLY ALIGNMENT IS NOT EASY

MAINTAINING A VACUUM IN THE JACKET HAS BEEN TROUBLESOME

ALTERNATIVE

WRAP-A-ROUND DUCT AT LESS COST WITH REDUCED NUMBER OF PIECES
AND REDUCED PRECISION REQUIREMENTS

TORQUE RING™

DOUBLE WALL BELLOWS
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- OXIDIZER INLET DUCT

SPHERICAL BEARING

NO MATERIALS PROBLEMS
A-LARGE NUMBER OF PRECISION PIECES
ASSEMBLY ALIGNMENT IS NOT EASY

ALTERNATIVE

WRAP-A-ROUND DUCT AT LESS COST WITH REDUCED NUMBER OF PIECES
AND REDUCED PRECISION REQUIREMENTS

TORQUE RING
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FUEL DISCHARGE DUCT

FORGING — --—

NO MATERIAL PROBLEMS

ALTERNATIVE

UP-TO-DATE STRESS ANALYSIS LEADING TO AN OPTIMUM DESIGN
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OXIDIZER DISCHARGE DUCT

NO MATERIAL PROBLEM

 ALTERNATIVE
UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN

INJECTOR (©
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FUEL BYPASS DUCT

NO MATERIAL PROBLEM

ALTERNATIVE

UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN

0
THRUST OI>_$mmm\./
MANIFOLD
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IDLE MODE DUCT~

NO MATERIAL PROBLEM

ALTERNATIVE

UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN : , W

A

INJECTOR

VALVE
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CROSSOVER DUCT

OXIDIZER TURBINE

NO MATERIAL PROBLEM

)
),

ALTERNATIVE
UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN

L/
N ]
N
O
—

FUEL TURBINE
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OXIDIZER TURBINE EXHAUST

OXIDIZER TURBINE

NO MATERIAL PROBLEM
SEE FIGURE FOR INTEGRATED HEAT EXCHANGER

ALTERNATIVE
UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN

NOZZLE MANIFOLD
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HOT GAS TAPOFF DUCT

NO MATERIAL PROBLEM

REDESIGN OF HOT GAS TAPOFF SYSTEM HAS ONLY AN END POINT EFFECT
ON THIS DUCT

ALTERNATIVE

UP-TO-DATE STRESS ANALYSIS LEADING TO OPTIMUM DESIGN
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V MISCELLANEOUS TUBES AND FLEX HOSES

TYPICAL HIGH PRESSURE
BRAIDED HOSE/BELLOWS ASSY

)
&
'r

|||H$... - [
t i £
£ :
S__i -
Ll u!szm ZE=
- L
-ﬁ? mw %
]

% i /

- - LOX TANK PRESSURIZATION
HOSE ASSY (NA5-260228) EXAMPLE

[ — |

/

55 ITEMS ARE IDENTIFIED UNDER THIS HEADING
INCLUDING 8 HOSE ASSEMBLIES
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J-2S VALVE PLAN SUMMARY

THIRTEEN ENGINE VALVE AND PCA TOP ASSY DWGS REVIEWED

FUNCTIONAL DESCRIPTIONS, MATERIALS, DESIGN CHANGE ASSESSMENT,
POTENTIAL FABRICATION AND RECOMMENDED TRADE STUDIES ENTERED INTO
J-2S5 COMPONENT PLAN DATABASE

IDENTIFIED MAJOR SUBCOMPONENT MATERIALS
® MOST HOUSINGS WERE 3-D MACHINED 7075 AL ALLOY
® 7075 T73 APPROVED FOR USE IN DRH
IDENTIFIED MAJOR DESIGN CHANGES

® HOT GAS CHECK VALVE: SYSTEMS IMPOSED TIGHTER LEAKAGE REQMT

@® VALVE WAS REDESIGNED, BUT NOT FABRICATED
® PROPELLANT UTILIZATION VALVE: ELECTRIC MOTOR ACTUATOR OBSELETE

® NAS5-27480 POSITION TRANSDUCER REVIEWED - STILL PRODUCEABLE
(USED ON MFV, MOV, FBV, HGTV, & IMV)

® IDENTIFIED POTENTIAL PRODUCIBILITY IMPROVEMENTS
® NOTE : DETAIL DWGS NOT ON MICROFICHE @ CANOGA - DWGS MAY NOT EXIST

Mﬁv” Rockwell International J-2S Restart Study

Rocketdyne Division
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MAIN FUEL VALVE 411320

® MATERIALS

® HOUSING - 7075 ALUMINUM ALLOY - 3D MACHINED

BUTTERFLY AND SHAFTS - INCO 718

SHAFT ROLLER BEARINGS - 440 C

ACTUATOR PISTONS - A-286

BUTTERFLY SEALS - KEL-F SHEET - HEAT FORMED
® SHAFT AND ACTUATOR SEALS - MYLAR SHEET

® PROBLEMS

® THERMAL CRACKING OF HOUSING AT THIN SECTION ON UPSTREAM SIDE OF
SHAFT BEARINGS -REDESIGN INCREASED THICKNESS

® ERRATIC POSITION INDICATOR OUTPUT
® SHAFT SEAL AND GATE SEAL LEAKAGE
® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® HOUSING - DIE FORGING OR CASTING

® BUTTERFLY - DIE FORGING - EVALUATE 431 CRES AND OTHER MATERIALS
FOR BETTER MACHINING CHARACTERISTICS

‘F Rockwell International se———— J-2S Restart Study

Rocketdyne Division
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Y57 VALVE ASSY
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CLOSING PORT————///,
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ACTUATOR
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MAIN OXIDIZER VALVE 411225

® MATERIALS
o

HOUSING - 7075 ALUMINUM ALLOY - 3D MACHINED
BUTTERFLY AND SHAFTS - INCO 718
SHAFT ROLLER BEARINGS - 440 C
ACTUATOR PISTONS - A-286

BUTTERFLY AND SHAFT SEALS - KEL-F SHEET (BUTTERFLY SEAL HEAT
FORMED)

® ACTUATOR SEALS - MYLAR SHEET
® PROBLEMS

® BUTTERFLY SEAL FAILURE ON SHORT TESTS - SEAL THICKNESS INCREASED,
PROBLEM RESOLVED

® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® HOUSING - DIE FORGING OR CASTING
® MYLAR SHAFT SEALS - IMPROVED SEALING CAPABILITY

® BUTTERFLY - DIE FORGING - EVALUATE 431 CRES AND OTHER MATERIALS
FOR BETTER MACHINING CHARACTERISTICS

‘F’ Rockwell International m—————— J-2S Restart mncn<

Rocketdyne Division
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PROPELLANT UTILIZATION VALVE 251455

® MATERIALS

® HOUSING - ALUMINUM CASTING (NOT VERIFIED)
® BUTTERFLY AND SHAFTS - (NOT VERIFIED)
® SHAFT ROLLER BEARINGS - 440 C (NOT VERIFIED)

® PROBLEMS

® HIGH THRESHOLD VOLTAGE AND FAILURE TO RESPOND

® INCREASED CLEARANCE OF ROTATING PARTS TO ELIMINATE RUBBING
AND GALLING

® DECREASED THICKNESS OF GATE AT EDGE OF FLOW HOLES TO
REDUCE HYDRAULIC TORQUE

® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® UPDATE ELECTRIC MOTOR DESIGN

‘F Rockwell International ses—— J-2S Restart Study

Rocketdyne Division
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FUEL BYPASS VALVE 411180
® MATERIALS

® HOUSING - 7075 ALUMINUM ALLOY - 3D MACHINED
BUTTERFLY AND SHAFTS - INCO 718
SHAFT ROLLER BEARINGS - 440 C
ACTUATOR PISTONS - A-286

BUTTERFLY SEALS - KEL-F - HEAT FORMED
® SHAFT AND ACTUATOR SEALS - MYLAR SHEET
® PROBLEMS

® NONE. THE DESIGN IS SIMPLE, DOES NOT HAVE RIGOROUS SEALING
REQUIREMENTS AND CLOSES AT RELATIVELY LOW PRESSURE

® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® CASTING FOR HOUSING AND CAPS
® DIE FORGING FOR BUTTERFLY
® EASIER MACHINING MATERIAL FOR BUTTERFLY AND SHAFTS

‘F Rockwell International mmes—m—— J-2S Restart Study

Rocketidyne Divislon
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HOT GAS TAPOFF VALVE 557824

® MATERIALS

® HOUSING - INCO 625
® BUTTERFLY AND SHAFT - RENE 41
® SHAFT BEARINGS - HAYNES 25
® PROBLEMS

® VALVE DID NOT GO FULL CLOSED

® BUTTERFLY/HOUSING INTERFERENCE - GATE REWORKED TO
SMALLER DIAMETER

® SEIZED SHAFT BEARINGS - HOUSING REDESIGNED TO REDUCE THERMAL
DISTORTION - REDESIGN NOT TESTED

® POTENTIAL PRODUCIBILITY IMPROVEMENTS

® EVALUATE WEIGHT REDUCTION HOUSING AND GATES

® INVESTIGATE NEED FOR A BUTTERFLY TO HOUSING SEAL (J-2 DID NOT
INITIALLY REQUIRE A SEAL. A SEAL WAS ADDED BECAUSE OF LARGE
CHANGE IN VALVE CLOSED LEAKAGE CAUSED BY THERMAL EFFECTS AND
VALVE TO VALVE FLOW VARIATION WHEN CLOSED

REVIEW MATERIALS AND USE OF DIE FORGINGS

°
‘F Rockwell International mes————— J-2S Restart Study

Rocketdyne Division
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IDLE MODE VALVE 411385

® MATERIALS

® HOUSING - 7075 ALUMINUM ALLOY
BALL AND SHAFTS - INCO 718
ACTUATOR PISTON AND SHAFT ROLLER BEARINGS- 440 C
BALL SEAL - MACHINED KEL-F
SHAFT SEALS - KEL-F SHEET

® ACTUATOR SEALS - MYLAR SHEET
® PROBLEMS

® MACHINED KEL-F SHAFT SEALS REPLACED BY SHEET KEL-F
@ POTENTIAL PRODUCIBILITY IMPROVEMENTS

® HOUSING - CASTING OR DIE FORGING

® MYLAR SHAFT SEALS - IMPROVED SEALING CAPABILITIES - REQUIRES LOX
COMPATIBILITY REVIEW - MYLAR IS USED IN ELV VALVES

® BALL - HOLLOW CAST BALL WITH WELDED IN SLEEVE FOR FLOW PASSAGE
® BELLOWS AND KEL-F SEAT SEAL - WAVE SPRING AND VESPEL SEAT SEAL

‘F’ Rockwell International e ———— J-2S Restart Study

Rocketdyne Divislon
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ANTI-FLOOD VALVE 99-407875

® MATERIALS

® HOUSING - 321 CRES

® BELLOWS -INCO 718

® POPPET - 321 CRES WITH MOLDED KEL-F HEAD
® PROBLEMS

® LEAKAGE

® MOLDED KEL-F POPPET HEAD IS A POTENTIAL PROBLEM. THE DIFFERENCE
IN THERMAL COEFFICIENTS MAY PRODUCE UNACCEPTABLE STRESSES IN
THE KEL-F AND MAKES RETENTION DIFFICULT

® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® CASTING FOR HOUSING
® DESIGN STUDY TO REDUCE THE NUMBER OF PARTS
® DESIGN STUDY OF POPPET

‘F Rockwell International see———— J-2S Restart Study

Rocketdyne Division
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RELIEF VALVE 558325

® MATERIALS
® (NOT VERIFIED)
® PROBLEMS
® NONE RECORDED IN ENGINE TEST SUMMARY
® POTENTIAL PRODUCIBILITY IMPROVEMENTS
® REVIEW MATERIALS AND UPDATE
® REVIEW DESIGN FOR FORGING AND CASTING APPLICATIONS

— J-2S Restart Study

‘F’ Rockwell International

Rocketdyne Division
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HELIUM FILL AND CHECK VALVE 558022

® MATERIALS

® SEAL - TEFLON BAR

® OTHER MATERIALS - CRES OR NICKEL ALLOYS (NOT VERIFIED)
® PROBLEMS

® NONE
® POTENTIAL PRODUCIBILITY IMPROVEMENTS

® ELIMINATE THREADS AND USE STRUCTURAL WELD

® ADD SHRINK FIT TEFLON SLEEVE ON POPPET STEM. THIS MAY ELIMINATE
PROBLEM OF HANGING OPEN BY ELIMINATING METAL TO METAL RUBBING.
REDUCES FRICTION AND IMPROVES RELIABILITY

INVESTIGATE ANTIGALLING MATERIALS & LOW FRICTION SURFACE
COATINGS FOR POPPET AND SEAT

‘F Rockwell Internationals—————— J-2S Restart Study

Rocketdyne Division
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HOT GAS CHECK VALVE 309065

MATERIALS

® HOUSING - (NOT VERIFIED)

® FLAPPER (2 REQD) - (NOT VERIFIED)

® SHAFT - (NOT VERIFIED)

® SPRING (2 REQD) - (NOT VERIFIED)
PROBLEMS

® SPRINGS LOST LOAD DUE TO HIGH GAS TEMPERATURE
® FLAPPERS CRACKED IN THIN SECTION NEAR OUTER EDGE

® DESIGN CONCEPTS WERE STUDIED TO RESOLVE THE PROBLEM BUT NOT
RELEASED. THE FLAPPER EDGE THICKNESS WAS TO BE INCREASED AND
THE SPRINGS SHIELDED FROM THE HOT GAS

POTENTIAL PRODUCIBILITY IMPROVEMENTS

® SYSTEM DESIGN CHANGES TO DELETE IGNITION DETECTION AND REDUCE
THE HGCV ALLOWABLE LEAKAGE WERE IN WORK. A DESIGN WAS RELEASED
ON A POPPET CHECK VALVE BUT IT WAS NOT FABRICATED

REVIEW THE REQUIREMENTS AND DO A DESIGN TRADE STUDY

‘F Rockwell International eee—e————— J-25 Restart Study

Rocketdyne Division
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J-2S Restart Program

Flight Instrumentation Summary

TECHNOLOGY STATUS

. Instrumentation which meets the requirements of the J-2S is readily
available within cost and schedule constraints

. Offers improvements over the original parts (which are no longer in
production)

MATERIALS AND INTERFACE CONSIDERATIONS

- Materials compatibility issues (for metals and non-metals) are
thoroughly explored, due to extensive SSME LOX-H experience

- Commonly used housing material for flight instrumentation, Inconel
625, should be suitable for J-2S applications

- Modernization of hardware used for ports, sealing, and electrical
interfacing will have to be studied and the numerous resulting
configuration changes will need to be documented

FLEXIBILITY AND TRADEOFFS
- Upgrade to higher thrusts, although perhaps altering measurement
needs, would present no technical difficulty in terms of environment,
sensor performance, etc.

. Tradeoffs include analyzing the benefits of additional measurements
against impact to design, cost, schedule, operations, and mission
effectiveness--using results of studies performed between 1968-1971
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J-2S FLIGHT AND RELATED INSTRUMENTATION

PART NO. |SENSOR | TAP Electrical |RANGE | % {MEASUREMENT Sys
TYPE Code Connector
NA5-27412T10T | Pressure Tap CG1 J137 0-1500 psia | 1.0- | Thrust Chamber #1; signal
1.5 |term. at vehicle interface
NA5-27412T10T | Pressure Tap CGt J138 0-50 psia 1.0- { Thrust Chamber #2 (Idle
2.5 {Mode Pc); signal terminated
at vehicle interface
NA5-27412T35T | Pressure Tap NN1 J139 0-5000 psia | 2.0- | Hellum Tank #1; signal
25 |terminated at vehicle
interface
NA5-27412T15T { Pressure Tap PF3 J135 0-2500 psia | 2.0- | Fuel Turbopump Discharge;
25 |signal terminated at vehicle
interface
NA5-27412T20T | Pressure Tap PO3 J136 0-2500 psia | 2.0- ; Oxidizer Turbopump
2.5 |Discharge; signal term. at
vehicle interface
NA5-27412 Pressure Tap TG1 J138 25-46 psia 2.0- | Fuel Turbine Inlet; signal
25 |terminated at package
NA5-27412 Pressure Tap NN1 J187 0-5000 psia | 2.0- | Helium Tank #2; signal
2.5 |terminated at vehicle
interface
NA5-27412 Pressure Tap NN2 J183 0-750 psia 2.0- { Helilum Regulator OQutlet;
2.5 |signal terminated at package
NAS5-27412T2T | Pressure Tap TG3 J192 39-53 psia : 2.0- | Oxidizer Turbine Inlet; signal
i 25 |terminated at package
NA5-27412T1T | Pressure Tap TG4 J186 0-100 psia 2.0- { Oxidizer Turbine Exhaust;
2.5 |signal terminated at package
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J-2S FLIGHT AND RELATED INSTRUMENTATION

PART NO. {SENSOR | TAP Electrical |RANGE | % |MEASUREMENT Sys
TYPE Code Connector

NA5-27441 Temperature, { Tap CFT2 J131 -425/+100°F { 2.0 | Main Fuel Injection; Dual P
Resistance Channnels
Type

NA5-27215T3 | Temperature, | Tap NNT1 J122 -200/+200°F | 2.0 | Helium Tank P
Resistance
Type

NAS5-27215T5 | Temperature, | Tap PFT1 J124 -425/+390°F | 2.0 | Fuel Turbopump Discharge P
Resistance (2 channels, A&B)
Type

NA5-27215T5 | Temperature, { Tap POT3 J125 -300/-250°F | 2.0 | Oxidizer Turbopump P
Resistance Discharge (2 channels, A&B)
Type

NA5-27323T3 | Temperature, | Tap TGT1 J126 -424/-418°F | 2.0 | Fuel Turbine Inlet P
Resistance
Type

NAS5-27323T3 Temperature, | Tap TGT3 J127 -298/-284°F ! 2.0 | Oxidizer Turbine Inlet P
Resistance
Type

NA5-27324T4 | Temperature, | Tap TGT4 J128 0to+ 2.0 Oxidizer Turbine Outlet P
Resistance 1000 °F
Type

NA5-27315 Temperature, | Tap n/a J2 -200/+200°F i 2.0 | Electrical Control Assembly | P
Resistance
Type

NA5-27315 Temperature, { Tap n/a J103 -200/+200°F ; 2.0 | Primary Flight P
Resistance Instrumentation Package
Type
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J-2S FLIGHT AND RELATED INSTRUMENTATION

PART NO. {SENSOR | TAP Electrical {RANGE | % {MEASUREMENT Sys
TYPE Code Connector
NA5-27328 Speed Tap PFV J112 0-33,000 2.0 jFuel Turbopump P
rpm
NA5-27382 Speed Tap POV J113 0-12,000 2.0 | Oxidizer Turbopump P
rpm
NA5-27331 Flow, Tap PFF J110 1000-11,000 § 2.0- { Engine Main Fuel P
Volumetric gpm 10
NA5-27331 Flow, Tap POF J111 1500-36,000 { 2.0- i Engine Main Oxidizer P
Volumetric gpm 10
NA5-27285 Position Tap n/a J114 0-100% 2.0 | Main Fuel Valve P
NA5-27285 Position Tap n/a J115 0-100% 2.0 |} Main Oxidizer Valve P
NA5-27307 Poslition Tap n/a J116 0-100% 2.0 | Hot Gas Tapoff Valve P
NA5-27285 Position Tap n/a J117 0-100% 2.0 ! Fuel Bypass Valve P
NA5-27285 Position Tap n/a J120 0-100% 2.0 {lIdle Mode Valve P
NA5-27306 Position Tap n/a J119 0-100% 2.0 | Mixture Ratio Control valve | P
704095 Integration Tap n/a Tap n/a control 2.0 }Primary Flight P
voltage Instrumentation Package
500750 Event Tap n/a Tap n/a 8 + 2 volts 2.0 { ASI Ignition Detector Probe | P
range 0/5
NA5-27453 Switch Tap n/a Tap n/a 20ms on- | Mainstage OK Detector P
off | Switch #1
NA5-27453 Switch Tap n/a Tapn/a 20ms on- { Mainstage OK Detector P
off | Switch #2
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J-2S Restart Program
Instrumentation--Pressure Sensors

- Similar parts available for pressure measuremént needs

* Physical principle unchanged but design implementation much advanced
* Outer envelopes may resemble SSME flight sensors; direct retrofit or straight-

forward custom designs (e.g., Statham, CCC, Endevco, Dytran

* Qualification requires structural analysis specific to J-2S

* Housing material is Inconel 625

- Synergy with ongoing programs

, Kistler, etc.)

* Numerous custom designs completed and hot-fired on SSME TTB

* KEW pressure sensor design experience may also apply

——
|@.I

T2 I+

_ O P
8RE1704;
SSME TTB

"3

Lo

I.IT -

Original J-2S static pressure sensor

P

RC7001
and others

Currently available designs based upon improved

consists of a mechanical force summing technology for either static pressure (typical; strain
element coupled to an electrical bridge gage type) or dynamic pressure (piezoelectric)
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J-2S Restart Program
Instrumentation--Temperature Sensors

- Similar parts available for temperature measurement needs

+ Basic technology unchanged with incremental producibility improvements
* Outer envelopes resemble SSME flight sensors; direct retrofit or straight-

forward custom designs (from, e.g., Rosemount, Tayco, ARI, etc.)
* Housing material is Inconel 625

« Synergy with ongoing programs
» Numerous custom designs completed and hot-fired on SSME TTB

A
N

~ 1 <ap
1OH Ereowmem- W _ Lg
— RC7002 _
_
G
RC7004
Original J-2S temperature sensors Currently available designs based
for bearings, hot-gas, and liquid upon similar technology (RTDs) for
oxygen; platinum resistance type both hot gas and cryogenic

with 3-wire termination applications
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J-2S5 Restart Program
Instrumentation--Flow Sensors

- New technology a viable replacement for original flow transducer

+ Simple and robust; no moving parts
* Preserves system efficiency (no pressure drop)
* Operationally efficient (easy to install, no maintenance)

- Synergy with ongoing programs
* In development on Technology Testbed for SSME (cryogenic flow testing,
mounting assessment, cryogenic vibration testing to take place in 1993)
* Alternatively, conventional turbine type volumetric flowmeters in use on SSME
» Trade study for NLS (up to 8300 gpm) and similar applications performed
 Performance monitoring, mixture ratio control, and throttling all possible through
flow measurements (system analysis studies done for NLS and OTV)

Upstream

“ 1]
! N Yelocit !
into \ /. O v { F
Puct/ —r N A N

U RN
J ) Downstream
—_ Yelcocity

Piezoelectric
Transmitter/ Receiver

Original J-2S turbine-type, Modern nonintrusive, ultrasonic flowmeter,
volumetric, liquid flow transducer, using piezoelectric transducers to sense the
consisting of rotor assembly, flow ditfference between upstream and downstream
straighteners, and pickup coils. velocity (speed of sound), which varies

(SSME uses similar technology.) analytically with flowrate
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J-2S Restart Program
Instrumentation--Speed Sensors

- New technology a viable replacement for original speed sensor

* Simple and robust; nonintrusive provided that magnets can be embedded
in a rotating element (such as a speed nut)

* Preserves structural integrity of turbopump while providing a measure of
performance and hardware health

- Synergy with ongoing programs

* Currently in development on Technology Testbed for SSME (fabrication in
progress, supporting near term hot-fire tests)

« Trade study for NLS (in conjunction with torque measurement) in progress
* Use of two speed sensors can provide torque information nonintrusively

RC7005
Original J-2S magnetic

probe and pickup coils; Modernized SSME version--

respond to speed-dependent Nonintrusive at left,

variations in electromagnetic flux Existing SSME flight sensor at right
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J-2S Restart Program
Other Sensor—Related Components

« Equivalent parts available for ignition detection and position
measurement

» Ignition Detection technology based upon experience with SSME and Atlas
» Valve Position sensor technology from SSME, NLS, Atlas, and KEW

- Parts also available for noncritical measurements-- for developmental
evaluation of engine performance and component condition

* Accelerometers (SSME Flight and Testbed RES7001

* Proximity Sensors (SSME Testbed 8RE1690, 8RE1691, or 8RE1702)

» Thermocouples (SSME Testbed 8RE1675, 8RE1699, 8RE1700, or 8RE1719)
 Skin Temperature Sensors (SSME RC1624 or RC1751)

g 3]
\
S = Angular
Original J-2S == Position Transducer
Valve Position SSME RES1258;
Transducer Kavlico or MPC

Primary Flight kin T
Instrumentation mm..mbmoqmmsmuswqmm.ﬁ_%m Accelerometer
Package o RES1345 SSME RES7001
riginal J-2S Ros nt
v Mainstage OK osemou
Pressure Switch
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PNEUMATIC PACKAGE

SCHEMATIC
99-558330

HELIUM REGULATOR

CONTROLLER
. REGULATOR

NN2 AND

PURGE PORT|

ACCUMULATOR a
AND PURGE PORT

Z
1
4

N

8

He CONTROL
SOLENOID

He TANK VENT
SOLENOID

- ARAR
WELEE

ROUGH
REGULATOR

HIGH PRESSURE
RELIEF VALVE

N

N\\&S\\\v %52
i§ .
N .

MAINSTAGE
CONTROL
SOLENOID

LOW PRESSURE
RELIEF VALVE

MAINSTAGE
START
SOLENOID

IDLE - MODE
SOLENOID
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HELIUM TANK

HELIUM FILL

-NO MATERIAL PROBLEM

THIS IS A 700 CUBIC INCH TANK

!

A 886 CUBIC INCH TANK IS AVAILABLE WHICH EXCEEDS _
OPERATING PRESSURE
PROOF PRESSURE
BURST PRESSURE

PNEUMATIC
CONTROL PACKAGE




6L -suofiejouyjeuldsz-r

"suoneoyroads juswubiie 1sniy) uiynm jam siam saulbus Sg- XIS |8 aSnedaq Pasn J19ASU SEM )i SUIS
wsiueuyosw juawubile 1sniyy A-X 8yl sieuiwiis o} sem paysabbns juswaaoidwi Aypqionpoud Ajuo ay| “asn
ul ||is 8Je sassaooid Buunjoeinuew pue sjeusiew ||y ‘Buueaq [equib syl yIm payUBpPI SBNSSI OU B19M 818y |

BuLieag jequin
ApmiS HeIsey SzZ-r



GIMBAL BEARING

NO MATERIAL PROBLEM

ACCORDING TO A PRIOR REPORT THE X-Y MECHANISM CAN BE ELIMINATED \

SINCE ALL OF THE ENGINES WERE WITHIN THRUST ALIGNMENT
SPECIFICATION WHEN THE GIMBAL WAS SET AT ITS NULL POINT.

TANK INTERFACE

ENGINE INTERFACE :
X-Y ADJUSTMENT
MECHANISM



0Z -suopejouy|eul4SZ-I

‘uoneinbiyuod panosduwil
ue o} payepdn aq pjnoys adA} 10108uU09 [EOIIJDB}S Ay} Jaramoy ‘abueyo ou asinbas pinom seoepsul
aul piny 8y "uoneolidde pasodoid ay} jo seoepsIUl B} 198w 0} paubisapal aq pinom sjgued asay |

S|aued 9@JoeLidu|
Apnis uelsay sz-r



INTERFACE PANELS

ELECTRICAL
INTERFACE

TP OFF WVE
HMOT GAS T OFF Dux
FUEL YRS QT

FUEL SYPR3sS wuvE

FLUID LINE
INTERFACE

OUTER  DISOWMAGE

OLE MOOE WvE

OLE MOOE OLCT

PROPELLANT Ut

ELECTRICAL INTERFACE

“_ UPDATE ELECTRICAL CONNECTORS TO STATE-OF-THE-ART oxzn ase 4
_ |
i

)

't FLUID LINE INTERFACE
NO OBVIOUS MECHANICAL CHANGE

BOTH INTERFACES MAY HAVE TO BE REDESIGNED TO MAT E WITH VEHICLE
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Rec

ommended Modifications

Component Dwg. NumberChanges from basic drawing Mod Type™

Combustion Devices
Thrust Cham. Assy 210620

Injector Use castings for body to eliminate welds. Braze posts. 1,2

Tap-Off Port Use casting to replace port, manifolds, & J-Tubes. 2,3

Nozzle/Chamber Full length nozzle jacket with brazed manifolds. 2

Manifolds Use castings to replace welded structures. 2

ASI System 651349|Machine and braze assembly. 1

SPTS Cartridges Spec |Update initiator and propellant No Change
Turbomachiner

Mk-29 Fuel T/P 461500|Cast impeller, stiffen & modify brgs., & update dynamic seals 1,2,3,4

Mk-29 Ox T/P 460430|Update dynamic seals 1,4
Ducts]

Fuel In Duct 409900 Redesign completely *

Ox In Duct 409899 Redesign completely *

Fuel Disch. Duct 411078 Use precision end point tooling 1

Ox Disch. Duct 411077 Use precision end point tooling 1

Fuel Bypass Duct 411079(Use precision end point tooling 1

ldle Mode Duct 411081 |Use precision end point tooling 1

Ox Turb B/P Duct 307715|Use precision end point tooling 1

Cross-over Duct 307714 |Use precision end point tooling 1

Turb Exh. Duct 308040{Use precision end point tooling 1

H/G Tap-off Duct 411080|Use precision end point tooling 1

Misc Tubes & Hoses Various |Reassess routing for specific application No Change

* Redesign instead.
** 1 — Producibility; 2 — Fabrication Technique; 3 — Material Substitution; 4 — Reliability/Operability Enhancement.
No Change — No recommended change.
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Recommended Modifications

Component Dwg. NumberChanges from basic drawing
Valves
Main Fuel Valve 411320|Cast housing, die forged butterfly of 431 CRES 234
Main Ox. Valve 411225|Cast housing, mylar shaft seals, die forged butterfly of 431 CRES 2,3,4
Prop Util. Valve 251455|Update motor design 4
Fuel Bypass Valve 411180 Cast housing and caps, die forged butterfly of 431 CRES 2,3
Tap-off Valve 557824 Elminate butterfly seal, use die forged parts 2
Idle Mode Valve 411385|Cast housing, mylar shaft seals, cast ball, revised seat 1,2,4
Anti-Flood Valve 407875 |Cast housing, redesigned poppet 2
Relief Valve 558325 Die forged parts 2
Check Valve 558022 |Weld structure, teflon poppet sleeve 1,4
Check Valve 309065 Redesign 1
Check Valve 557755|Weld structure, teflon poppet sleeve, eliminate filter 1,4
Check Valve 557751|Weld structure, teflon poppet sleeve, eliminate filter 1,4
Jight Instrumentatio

Ign. Det. Probe 500750 |Eliminated Eliminated
instr. Package 704641 |Redesign *
Pressure Sensors Various |Redesign *
Temp. Sensors Various | Redesign *
Flow Sensors Various |Redesign *
Speed Sensors Various |Redesign *
Valve Pos x-ducers Various |Redesign *
M/S OK Press Switch NAS5-27453|Redesign *

* Redesign instead.
** 1 — Producibility; 2 — Fabrication Technique; 3
No Change — No recommended change.

— Material Substitution; 4 — Reliability/Operability Enhancement.
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Recommended Modifications

ECA Package

503670

Redesign with modern electronics

Component Dwg. NumberChanges from basic drawing
[laneous Component

Pneum Cont. Pack. 558330(Replace He tk vent w/ larger valve, add filter, cast housings 2,4
Helium Tank| NAS5-260212|Replace with in production unit 1

Gimbal Bearing 208900|Eliminate alignment mechanism 4
Interface Panels Various |Redesign for specific application No Change
Heat Exchanger 307885 |No changes No Change|

*

* Redesign instead.

** 1 — Producibility; 2 — Fabrication Technique; 3 — Material Substitution; 4 — Reliability/Operability Enhancement.
No Change — No recommended change.
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J-2S Restart Study
Producibility Summary

* Could be produced to existing drawings
« Only engine electronics absolutely require replacement
* No material changes required
 All processes are still possible

* Desirable changes identified

24 changes for producibility (no change in form/fit/ function)

20 changes in fabrication technique (i.e., castings, die forging, etc.)
* 12 material substitutions

* 11 reliability/operability enhancements

« Component redesigns desired to match specific applications

 Electronics and sensors to provide desired HMS/CMS

* Propellant inlet ducts (wrap-arounds would reduce engine cost)
* Revise hot gas check valve if longer life is desired

» Adjust interfaces for specific vehicle

TA3-0394
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Deep Throttling Assessment

J-2S Restart Study
JV/Bv 3/4/93- 27
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J-2S Restart Study
10:1 Throttling Examination

* Objectives
* Determine modifications required for throttling up to 10:1
* Define impacts of throttling modifications

* Approach
* Review J-2S 6:1 throttling data
« Anchor analytical models with data
* Determine changes required for 10:1 throttling with engine
balance model

* Conclusions
« 6:1 throttling is feasible with baseline configuration
* 10:1 throttling limited by injector stability

 Increased LOX post pressure drop reduces Pc to
approx. 1000 psi

* Excellent correlation seen between data and engine model

TA3-0395
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J-2S Restart Study
Main Injector Pressure Drop vs. Power Level

18 -
164 \
— ] LOX INJ
= 144 .f_
%Amw m wa
e 101 8 4 FUEL INJ ..4
oD 1 B /
] 8 :Rm /
o ww /
£ 61—=2+ a
O 1 = M \
O 44 ;
ol L 4t 1 1 1 1 | |

O O O O O O O O O O o
~ N M T 0 O I~ 0O OO O
b and

PERCENT NOMINAL THRUST (%)

10:1 Throttling requires increased LOX injection pressure drop

J-2S Restart Study
JV/Bv 3/4/93-17
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J-2S Restart Study
Engine Performance vs. Power Level
436

435 -—

S
W
S

433

432
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/
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O O O O O O O O O O O
~ N OO < U © I~ O O O
+~

PERCENT NOMINAL THRUST (%)

431

430

Throttling does not significantly decrease engine performance

J-28 Restart Study
JV/Bv 3/4/93- 18
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J-2S Restart Study
Turbine Inlet Temperature vs. Power Level
1700

|

1600 . \u
1500 -

1400 /

1300

S ee—T T |
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] ) N 1 1 1

ANOO D) . . DRI + O L) . [ L)
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At throttled conditions temperature remains acceptable

J-25 Restart Study
JV/Bv 3/4/93- 19
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J-2S Restart Program Plan

TA3-0407
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J-2S Restart Study

Program Plan Groundrules and Assumptions

TA3-0396

Engine life requirement will not exceed previously established
30 starts/3750 seconds for J-2S

“Engine Restart” is considered to be a requirement

Existing government resources will be utilized when feasible and
cost effective

Single engine certification only will be addressed

Program restart plans presume the use of Rocketdyne facilities for
engine assembly

» Co-location of assembly and test facilities should be a future
study objective

The restart planning will be based on review and update of existing
drawings and specifications

Rocketdyne facility modifications and costs will be identified for both
engine and component hot fire test

Propellant costs will not be included
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P e

J-2S
DEVELOPMENT COST ELEMENTS

CONSTANT 1992 DOLLARS

TBD

Total Engine Development Cost
Contractors & Government

_

- Government .
Contractor Facilities Support Contingency
TBD TBD TBD TBD
(Engine - RD: $13M)
Development .
to Single Mfg. Facilities Activation: $140M Oravingsand spe upe i
m:mm—..m Cert. . (Engine, tooling, )
$245M Development/Verification: $105M Eacilities activation
Special test equipment (STE) 10
Factory special test equipment (FSTE) 10
Machine Tools 65
E _n_._m—._n & ZH:_*MQ:;S Support 20
ngines C t test 10
mmv_oo: Engine test 20
TBD 135
mnmmm or Devel [/ Verificati
H evelopment / Verification
M -..__n_—v_m Management and support 10
m_.._m_—._w Test Engineering v 20
Hardware (7 engines 65
Fee TBD Ground support equipment (GSE) _10
TBD 105
[ Total 245 |

TA3-0418Fig
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J-2S Restart Study
J-2S Restart Program Schedule

Task Year FY92 FY93 FY94 FY95 FY96 FY97 FY98
Quarter (3] 4[/1]12]|3 2|3 2|1314(112]314[112]|13(4[1]2
. y
Program Milestones _UN v _m v M Vv %o“:
Mk-29FD w/ hydrostat. D IR&D Gnginp Dalleries
bearing
MSFC NRA B5S0KES0K
Engineering $6M $6M $3M $3m $2M
Management & Support $3M $3M $3M $3M $1M
Manufacturing support $3M $7M $8M $3M
Long lead $1
procurement
Tooling preparation $15M $40M $3oMm |
(incl. STE)
Hardware fabrication $25M $35M $15M
(incl. GSE)
Component testing $1M $aM $4M $1M
Engine testing $am| _S1oM_ $7M
$50K $1.05M $28M $85M $86M $35M $10M

Note: Shown in constant FY92 dollars

TA3-0398

Total Non-recurring Cost = $245M
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11

10

10-YR PRODUCTION UNIT COST (M 92%)
©

)

‘F’ Rockwell International

Rocketdyne Division

PREDICTED PRODUCTION COSTS
J-2S ENGINE

\ FEE EXCLUDED

S FIRST UNIT COST
[t

A

/

f
it~

17)1 ﬂ]
s

10-YR AVERAGE UNIT COST

_
[, e
xl’ T e

LAST (Nth) UNIT COST

2 4 6 8 10 12 14 16 18 20 22 24 26 28 30
RATE (UNITS PER YEAR)

! 1 1 I 1 I I I |

T T T
40 80 120 160 200
TOTAL QUANTITY PRODUCED (N)

T T T
240 280

TJW 1-28-92 DSK 7
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Test Philosophy

- Demonstrate repeatable performance with previous data

e Accrue test experience at all operating levels

Altitude and sea level
Inlet pressure variations
Varied PV settings

Demonstrated "corners of operating box"
« Certify two engines after development

« Cert test to full life
« Cert test profiles TBD

J-2S Restart Study
JV/Bv 3/4/93- 28
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J-2S Restart Study

Baseline J-2S Engine Test Matrix

ine

Hot Fire Test Objectives (A)

(+]

Start & Cutoff Transient

llllllllllll
llllllllllll
IIIIIIIIIIII
llllllllllll
IIIIIIIIIIII
llllllllllll
IIIIIIIIIIII
||||||||||||
llllllllllll
IIIIIIIIIIII

Qualification

L7220 )
/2 G

P e e e b e e e e e e e e-— e e e . e e

f e e e B e e e e e e e e e e e - - e

f e e e e e e el e e e e e e e e e e e

f e e o e e e e e e e e e e e e - e e

. e— e e e e e e e e e e e e e e e ——

L e et e e e e e e e e e e e e e e —

b e e e e e e e e e e dm e e e e —-—— ey

h e e e e e e e e e e e e e e e e— e—

T I | | . i e

S/A

R
IS 1S 10|

| @1

TESTS

45

SECONDS

3750 5000 5000 3750

3750

S — sea level or site test
A - vacuum altitude simulation

T —tank head idle mode

(A):
(B):

210 tests

Preliminary 25 000 sec
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